Abstract--Trap catch size was used to investigate whether Glossina p~dlidipes and G. hmgipemlis could distinguish between the urine of the African buffalo.
INTRODUCTION
Ecosystems in which tsetse flies thrive necessarily also support various species of mammals, including hosts and nonhosts of tsetse. Ever 3' two to five days of their adult lives, tsetse must locate hosts from which to suck blood (Jackson, 1954; Glasgow, 1963; Randolph and Rogers, 1978; Madubunyi, 1989) or else incur reproductive loss through aborted pregnancies and protracted intedarval periods (Saunders, 1960 (Saunders, , 1972 and/or perish from starvation. In nature, female tsetse are not always able to produce enough offspring to ensure survival of the species (Jordan, 1986) . Precisely timed and adequately sized blood intake by the female during each 10-day pregnancy cycle is imperative for the production of each viable offspring (Mellanby, 1937) and indispensable for maintaining net population growth of tsetse. Timely location of mammalian hosts at the crucial moments of the trophic cycle is thus fundamental to the survival of tsetse species.
Most mammals maintain their respective identities, social structures, reproductive behavior, community cohesion, etc., through visual, auditory, tactile, and olfactory communication systems. Olfactory communication encompasses generation of chemical signals by a presumptive sender and their transmission (generally as airborne volatiles) to a presumptive receiver, who responds appropriately to them (Eisenberg and Kleiman, 1972) . These chemical signals are byproducts of metabolism, found in the excretory products (e.g., urine, feces, sweat and breath), or glandular secretions and exudations of mammals.
The ability to intercept the chemical signals with which the hosts exchange vital intraspecific information would confer major selective advantage to a genus of obligate blood-sucking arthropods such as GIossina Weidemann. By suggesting that G. pallidipes Austen uses its olfactory sense to locate hosts, Fuller and Mossop (1929) implied that tsetse has such ability. Lloyd (1935) further confirmed that G. swvnnertoni Austen could perceive airborne volatiles from Zebu cattle (Bos spp.) that were not within sight and at a distance of 23 m. Bax (1937) later reported that the scent of ox manure was unattractive to G. swvnnertoni. Chorley (1948) subsequently showed, however, that the scent of a mixture of cattle dung and urine was attractive to G. pallidipes. Owaga (1984 Owaga ( , 1985 later found urine of the African buffalo [Svncerus caffer (Sparrman)] to be a potent olfactory attractant for G. pallidipes and enhanced its potency by aging it for three weeks or longer.
The attraction of certain tsetse species, e.g., G. pallidipes and G. morsitans Westwood, to buffalo and cattle urine is attributable to their phenolic constituents. In the most attractive fraction of buffalo urine, Hassanali et al. (1986) identified seven phenols. Field subtraction bioassays revealed that the synergistic action of only two components (4-cresol and 3-n-propylphenol) was responsible for increased trap catches of G. pallidipes in Kenya (Owaga et al., 1988) . In a similarly attractive fraction of cattle urine, Bursell et al. (1988) identified eight phenols: the previously mentioned phenols (4-cresol and 3-n-propylphenol) were again essential for the fraction's attractiveness of G. patlidipes and G. morsitans in Zimbabwe . Of these two essential phenols, 3-n-propylphenol was critical for the attraction of tsetse to aged urine of buffalo and cattle (Owaga et al., 1988 .
Tsetse locates stationary hosts through odor-regulated anemotaxis, with visual attraction becoming important at close range (Vale, 1974 (Vale, , 1977 . Approximately 90% of both G. pallidipes and G. morsitans that come to a host are attracted by its odor (Vale, 1974: Vale and Hall, 1985) . In nature, the extent of host-urine odor involvement in this process in not clear. Nevertheless, Brightwell et al. (1991) and Saini et al. (1993) have suggested that phenols from cattle urine mediate in tsetse host location behavior.
Most mammals, unless purposely confined, do not remain at the location where they have urinated and/or defecated. The latter activities usually occur after the animals have watered or while they are grazing. Some favorite tsctse hosts, e.g., the bushpig [Potamochoerus porcus (Linnaeus) l, even use latrines, i.e., established dung piles to which they walk deliberately to defecate (Kingdon, 1982, p. 208) . Furthermore, once deposited in the soil, urine is subject to microbial degradation. The implications of these for tsetse trapping technology, which targets host-seeking individuals, prompted us to evaluate the ecological relevance of mammalian urine in host location by tsetse. The tsetse catch of traps baited with urine of selected bovid hosts and a nonhost as well as the effect of soil on the attractiveness of cattle urine to tsetse were compared in typical tsetse-inhabited ecosystems. The phenolic constituents of urine from selected wild mammalian tsetse hosts and a nonhost also were compared in laboratory studies.
METHODS AND MATERIALS
Urine Sources. Wild mammalian hosts and nonhosts of tsetse were chosen from results of tsetse bloodmeal analyses published by Weitz (1963) and Snow et al. (1988) . The choice was further narrowed by accessibility of the animal for urine collection. The hosts selected were the African buffalo, bushpig, warthog [Phacochoerus aethiopicus (Pallas) ], and domestic cattle; the nonhost was waterbuck [Kobus defessa group (Ogilby)]. The buffalo, cattle, and waterbuck were in captivity and fed a zero-grazing diet of hay and concentrates. The bushpig and warthog free-ranged in the wild. Urine was collected either as these animals urinated naturally (buffalo, cattle, and waterbuck) or from their urinary bladders excised upon slaughter (bushpig and warthog). Subsequent handling of the urine depended on the requirements of the experiments (see below).
Field Sites. Field studies were done at the Olkeramatian Group Ranch at Nguruman (1 °50'S, 36°05'E) in Rift Valley Province, and the Gongoni Forestry Reserve at Gazi (4°25'S, 39°28'E) in Coast Province, Kenya. Olkeramatian Ranch is within a typical semiarid agropastoral ecosystem infested with G.
longipennis Corti and G. pallidipes. The experimental sites were located along the thicketed fringes of the Ewaso Ngiro River, to the northwest of the tsetse suppression zone of Dransfield et al. (1990) . Gongoni Forestry Reserve is within the rainforest zone of the south Kenya coast, whose salient ecological features Snow et al. (1988) described. Like most of the zone, the forestry reserve is infested with G. austeni Newstead, G. brevipalpis Newstead, and G. pallidipes.
The experimental sites were in the interior biotope of the |orest's southern portion, which adjoins the Msambweni Development Corporation Farm at Gazi. Both field sites are designated protected wildlife areas and each has an ample assortment of mammalian fauna.
Effect of Urine of Selected Hosts and Nonhost on Trap Catch of Tsetse.
All experiments were carried out during the cool dry season (July-September) at Ngumman, using NG2G traps (Brightwell et al., 1991) baited with buffalo, cattle, or waterbuck urine aged tbr four weeks in the laboratory, following the procedure of Owaga (1985) . The traps were placed at least 300 m apart.
The aged urine (200 ml) of each mammal was placed in a 250-mt glass jar dispenser with a mouth measuring 5.5 cm in diameter. Acetone (25 ml) was put into 200-ml glass dispensers, each of which had a 3-ram hole in its lid. The treatments consisted of traps baited with dispensers of urine and acetone placed beside each other at ground level, approximately 30 cm behind the trap entrance. The controls consisted of traps baited with acetone only.
Treatments and controls were deployed in a 4 × 4 Latin square replicated three times at two sublocations. There was a bait-free interval of four days between treatments. On the second day following positioning of odor baits, the traps were emptied to record the sex and number of each tsetse species caught.
Effect of Soil Substrate on Attractiveness of Cattle Urine to Tsetse.
Experiments were conducted during the hot dry season (January-March) at the Gongoni Forestry Reserve using the NG2G trap. For this series of experiments, urine was obtained from Zebu cattle maintained under free grazing at Gazi. Large glass containers (one liter capacity, 15 cm deep) filled with soil dug up from Gongoni Forest or 250-ml glass jars without soil were used to dispense the urine odor. In the first experiment, 200 ml of fresh urine was poured into each dispenser and immediately used as bait for the traps. In the second experiment, the dispensers were left in the forest for three days after adding fresh urine before being used to bait traps from the fourth day. The treatment bait consisted of both urine and acetone; the control consisted of acetone alone.
Treatments were deployed in a 3 x 3 Latin square replicated three times at two sublocations that were ca. 500 m apart. The traps were emptied after 24 hr to record the sex and number of tsetse caught.
Extraction of Urine from Selected Hosts and Nonhost of Tsetse. Aged (3-
to 6-week-old) urine samples (= 100 ml) of buffalo, bushpig, cattle, warthog, and waterbuck, respectively, were extracted twice with dichloromethane (20 ml x 2). The combined organic extract of each was dried over sodium sulfate, filtered, and concentrated in vacuo at 35°C. The residues were dissolved in dichloromethane (1 ml) and stored at -20°C.
Analysis of Urine Extracts. Urine extracts were analyzed on an HP 5890 gas chromatograph equipped with a flame ionization detector (FID) and an HP fused-silica capillary column (Carbowax 20 M, 50 m x 0.2 mm ID x 0.2 ~m). The carrier gas was nitrogen at a flow rate of 0.62 ml/min. The GC oven temperature program consisted of an initial ramp of 100-180°C at 3°C/rain, followed by a ramp from 180 to 230°C at 10°C/min. Chromatographic peaks were integrated on an HP 3393A integrator. The GC-MS analyses of urine extracts and synthetic standard compounds were conducted on a VG Masslab 12-250 mass spectrometer (EI mode, 70 eV; filament emission current 100 tzA; source temperature 180°C; tuning standard PFTBA; GC interface temperature 220°C) coupled to an HP 5790 gas chromatograph under the same GC conditions as above.
Statistical Analysis. Trap catches were transformed to log (n + 1) before being subjected to analysis of variance (ANOVA). If differences between the catch of female and male tsetse were negligible, the data for both sexes were pooled. When the treatment effect on trap catch was significant, differences between the treatment means were scrutinized for statistical significance at P < 0.05 by the Student-Newman-Keuls (SNK) test.
RESULTS

Effect of Host and Nonhost Urine on Trap Catch of Tsetse at Nguruman.
Traps baited with the aged urine of buffalo, cattle, or waterbuck (treatments) caught significantly more G. pallidipes (P < 0.001) and G. longipennis (P < 0.001) than unbaited traps (controls). The source of the urine seemed to have affected the mean trap catch of G. longipennis but not that of G. pallidipes (Table 1) . Nevertheless, the mean catch of either tsetse species in traps baited with the urine of buffalo and cattle (tsetse hosts) and waterbuck (a nonhost of tsetse) did not differ significantly. Gongoni Forest. Baiting traps with fresh cattle urine increased the catch of G. pallidipes and G. brevipalpis but tended to depress that of G. austeni (Table   2 ). The traps baited with fresh cattle urine in containers without soil caught only -1.2 and -1.3 times more G. brevipalpis and G. pallidipes, respectively, than those baited with fresh urine in soil-filled containers. Because of the low num- ~ANOVA and, where applicable, SNK test for significant different between treatment means were performed on log (n + 1)-transformed pooled trap-catch data. Means in each column are not significantly different (P > 0,05) if followed by the same or no letter, The aging of urine lasted three days at diurnal temperatures inside Gongoni Forest (24-34°C).
Effect of Soil Substrate on Attractiveness of Cattle Urine to Tsetse in
excluded G. austeni and G. brevipalpis from statistical evaluation of these differences. However, for G. pallidipes, the substrate in which the cattle urine was aged had a statistically significant effect on the trap catch (P < 0.01). The urine was significantly more attractive when aged in a container without soil (P < 0.05).
Phenolic Constituents of Urine from Selected Hosts and a Nonhost of Tsetse.
Aged urine of waterbuck contained both 4-cresol and 3-n-propylphenol ( Figure  1A (9), 39 (18), These were identical to those of authentic synthetic standards (see also Hassanali et al., 1986) . Aged urine of the warthog also contained 4-cresol but no observable amounts of 3-n-propylphenol ( Figure 1C ). Bushpig urine contained 4-cresol also, although in smaller amounts; in this case, 3-n-propylphenol was not observed.
DISCUSSION
The number of tsetse attracted by an odor-baited trap depends on the trap's collective olfactory and visual attractiveness to various tsetse species. The proportion of attracted flies caught depends on the trap's ensnaring efficiency. An attractive odor, applied as bait, would primarily enhance the number of tsetse attracted to the trap. By using tsetse traps of the same design for treatment and control, variability in trap catch due to the inherent efficiency of the trap design is reduced. The size of a baited trap's catch should reflect, therefore, the potency of the candidate tsetse attractant.
Aged urine of buffalo, cattle, and waterbuck, significantly increased the NG2G trap catch of the two tsetse species at Ngumman. The aged urine of tested hosts attracted G. pallidipes at about the same level. Aged cattle urine was apparently less attractive to G. longipennis than aged urine of either the buffalo or waterbuck. The chemoecologicaI basis of these differences in the response of G. pallidipes and G. longipennis is not immediately clear, given the remarkable similarity in the phenolic composition of aged urine from all three bovids. Earlier studies, also at Ngumman, found similar differences in the effect of buffalo and cattle urine on trap catch to be statistically significant for G. pallidipes (Owaga, 1985) but not significant for G. pallidipes (Dransfield et al., 1986) and G. Iongipennis (Kyorku et al., 1990) , Nevertheless, in our study, neither tsetse species showed evidence of having distinguished between traps baited with the urine of buffalo and cattle (hosts) and waterbuck (a nonhost), It is doubtful, therefore, that either species differentiates between these animals in nature solely from the scent of their aged urine.
The level of increase in the trap catch of G. pallidipes ( × 1.8) realized with fresh cattle urine in the Gongoni lbrest was relatively lower than that achieved with aged cattle urine at the same location (×2.4) or at Nguruman (×2.8). Significantly, according to Okech and Hassanali (1990) , fresh buffalo urine has virtually no phenolic components. This is probably also true of fresh cattle urine.
Since the attractiveness of aged buffalo or cattle urine to G. pallidipes depends on their phenolic constituents, the observed relative unattractiveness of fresh cattle urine is consistent with its probable chemical profile. It is thus improbable that urine attracts tsetse as wild animals pass it out, let alone attracting the flies to their hosts' locations.
The microbial invasion of fresh buffalo urine stored in an unsterilized container at room temperature for 16 days caused the formation and gradual accumulation of the phenols that attract tsetse (Okech and Hassanali, 1990 ). This study confirms that conversion of containerized fresh cattle urine into a tsetse attractant happens in as short an interval as three days under field conditions. It further shows that the substrate in which urine is aged greatly affects its transformation into a potent tsetse attractant. Thus, only when aged in a glass container, without soil, did the odor of cattle urine become sufficiently attractive to cause overall increases in the trap catch of tsetse. The outcome of aging urine in glass containers without soil is of debatable ecological relevance since, in nature, animals urinate on the ground.
A major advantage that chemical signals have over visual and auditory ones is that they can persist for some time without their sender being present (Eisenberg and Kleiman, 1972) . In this study, however, cattle urine aged in soil-filled containers failed to increase significantly the trap catch of even G. paltidipes. This suggests that, under natural conditions, if the urine phenols essential for attraction of G. pallidipes happen to be produced, they do not persist. Therefore, cattle urine is an unlikely host-habitat chemical cue for this and probably other tsetse species.
By deterring microbial invasion of fresh urine through sterilization, Okech and Hassanali (1990) prevented buffalo urine from becoming attractive to tsetse. Although rich in microbial fauna and flora, soil may lack microbes that can hydrolyze the glucuronates and sulfates in fresh urine into the free phenols that make fermented bovid urine attractive to tsetse. Alternatively, the soil microflora may comprise organisms that produce these phenols and others that break them down rapidly as they are formed. Regardless of the mechanism, however, patches of soil wetted with fresh urine of cattle failed to produce significant increases in the mean trap catch of tsetse. Therefore, urine passed by moving animals is not likely to attract host-seeking tsetse to their hosts" immediate or subsequent locations.
Urinating on a social partner's body or transferring urine from one part of an animal's body to another is normal in the olfactory communication behavior of some mammalian species (Steiniger, 1950; Mfiller-Schwarze, 1971 ). In addition, the sweat glands of some mammals excrete, onto the skin surface, chemicals that are also found in their urine (Breazile, 1971) . The action of microbial flora of the skin, or both urine and sweat, contributes to the total kairomonal mixture that gives an animal its body odor. For cattle, this mixture comprises all the phenols found in aged urine of buffalo or cattle and several other compounds (Saini et al., 1993) . The latter are suspected of being more important to tsetse for host location and identification than the urine-derived phenols. The influence of these additional compounds may explain why the sebum of cattle significantly increased trap catches of G. m. morsitans (Warnes, 1990) , whereas aged urine of cattle did not (Vale et al., 1986 . For the bushpig and warthog, however, it is unlikely that 3-n-propylphenol from urine or sweat will be among the kairomonal constituents of body odor. Bursell et al. (1988) did not find 3-n-propylphenol in aged domestic pig urine; neither was it found in the aged urine of the bushpig or the warthog in the present study. Therefore, pigskin wash should contain no more than trace amounts of the 3-n-propylphenol, which is critical for the attractiveness of aged mammalian urine to G. pallidipes (Owaga et al., 1988; Vale et al., 1988) . Nevertheless, pigskin extract reportedly doubled and even quintupled the catch of G. pallidipes (Vanderplank, 1944; Persoons, 1965 Persoons, , 1967 , suggesting that other volatile components are involved in the attraction of this tsetse. Accordingly, the presence of urine as a contaminant on the mammalian skin might be of little or no significance in attracting tsetse to hosts.
Cattle and buffalo, whose aged urine increased the trap catch of all the tsetse species in our study, are acknowledged hosts of many tsetse species (Weitz, 1963) . However, G. pallidipes and G. morsitans are indifferent to the scent of aged urine of the warthog (Owaga, 1984) and the domestic pig (Bursell et al., 1988) , which are also hosts of both tsetse species. In fact, Torr (1994) classified the urine of warthog as repellent to tsetse. These results seem to reflect the absence of biologically significant amounts of 3-n-propylphenol in aged urine of some favorite hosts of the tsetse (e.g., the domestic pig, bushpig and warthog). The scent of urine is thus of doubtful ecological relevance in the location and selection of hosts by tsetse.
In this study, G. paltidipes was attracted equally to the aged urine of waterbuck (a nonhost) and buffalo (a favorite host) in the field. Positive response by this tsetse species to the odor of fermented mammalian urine, therefore, does not necessarily signify a response to olfactory stimuli from a host. Perhaps this is why traps baited with aged urine of cattle caught fewer G. pallidipes that were foraging tot a bloodmeal than those that were not (Madubunyi, 1995) . A successthl bout of host-seeking by tsetse ends in bloodsucking, during which it may pick up and/or transmit trypanosomes, an epidemiologically critical behavior common to all species of tsetse. It makes them all equally vulnerable to trapping and makes odor-baited traps potentially powerlul tools for reducing trypanosomiasis transmission. Results obtained during this study suggest that achieving this goal would require odor-baits from a source other than mammalian urine.
Adsorbent-trapped skin volatiles of different mammalian hosts of tsetse contain a rich blend of chemicals (Hassanali, unpublished) . These may include those kairomones suspected to be more potent than cattle urine phenols for host location (Saini et al., 1993) or the attraction of tsetse that are strictly foraging for a bloodmeal (Madubunyi, 1995) . Skin-based constituents of body odor are chiefly secretions and exudations of glands that are part and parcel of mammalian dermatography. These are more likely than urine to possess species-or strain-specific qualities by means of which a tsetse can make olfactory distinctions between its hosts and nonhosts or between potential hosts. The skin of their mammalian hosts is thus a promising source to prospect for kairomones that are critical for the location of hosts by each tsetse species,
